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a b s t r a c t 
Background: Sleep problems in adolescence, such as insomnia and short sleep duration, are associated 
with physical and mental health problems. However, little is known about the recent trends in sleep 
problems among adolescents. Therefore, this study examined trends in sleep problems among Japanese 
adolescents. 
Methods: Using data from the Lifestyle Survey of Adolescents collected in 20 04 ( n = 102,451), 20 08 
( n = 95,680), 2010 ( n = 98,867), 2012 ( n = 101,134), 2014 ( n = 85,931), and 2017 ( n = 64,417), we calcu- 
lated the trends of insomnia, shorter sleep duration, late bedtimes, and poor sleep quality. Multivariable 
logistic regression analysis models were used to examine the association of each sleep problem and sur- 
vey years. 
Findings: We analyzed data from 545,285 Japanese adolescents. Results indicated that, since 2004, the 
odds ratio for insomnia have decreased (Adjusted odds ratio [AOR] 0 • 85, 95% CI 0 • 82–0 • 87), as have the 
odds ratio for poor sleep quality (AOR 0 • 92, 95% CI 0 • 88–0 • 95). However, the odds ratio for shorter sleep 
duration (AOR 1 • 13, 95% CI 1 • 10–1 • 17) and late bedtimes tended to increase (AOR 1 • 06, 95% CI 1 • 03–1 • 08) 
during this period. 
Interpretation: The prevalence of insomnia symptoms and poor sleep quality among adolescents de- 
creased from 2004 to 2017. However, there were increasing trends toward shorter sleep duration and 
late bedtimes. These changes are both relieving and concerning. Teachers, parents, and health profession- 
als should consider educating adolescents regarding sleep hygiene, adjusting schedules of extracurricular 
activities, and enhancing time management to improve their sleep quantity. 
Funding: This study received funding from Japan’s Ministry of Health, Labour and Welfare. 
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Research in context 
Evidence before this study 
Adolescent sleep problems are becoming increasingly rec- 
ognized as a significant public health concern. We searched 
PubMed with the following search terms: “Sleep Disor- 
ders,” “Adolescent” (Adolescents, Adolescence, Teens, Teen, 
Teenagers, Teenager, Youth, Youths), and “trend or change.”
We reviewed titles and abstracts and excluded articles not 
published in English, that did not target humans, or were 
not relevant to adolescent sleep problems. Given the exten- 
sive literature on adolescent sleep, we included studies that 
were specific to changes in adolescent insomnia symptoms 
and sleep duration. Most previous work and a meta-analysis 
of international studies reported that adolescent bedtimes 
tended to become increasingly delayed and sleep duration 
tended to decrease with increasing age, leading to shorter 
sleep on school nights. However, sleep deterioration among 
adolescents has been prominent mainly in Western countries 
and was limited until the early 20 0 0s. We found very few 
studies that examined the trends of sleep problems in Asian 
countries. 
Added value of this study 
The trends of sleep problems have not been previously 
investigated among Asian countries, creating a significant 
knowledge gap. This is the first nationally representative re- 
peated cross-sectional study that examines trends in sleep 
problems among Japanese adolescents. The trends identified 
here demonstrate that the prevalence of insomnia symptoms 
and poor sleep quality decreased among Japanese adolescents 
from 2004 to 2017. However, there were increasing trends 
toward shorter sleep duration and late bedtimes. This study 
provides important evidence for policy makers and school of- 
ficials to educate adolescents regarding improved time man- 
agement and to address adolescents’ sleep needs. 
Implications of all the available evidence 
The prevalence of later bedtime among adolescents is in- 
creasing in line with technological developments such as the 
Internet and cellular phones. In many countries, the preva- 
lence of adolescent insomnia-related symptoms has tended 
to increase while, in a few countries, a downward trend has 
been observed. These differences could be useful in develop- 
ing more effective prevention strategies in the future. Inter- 
ventions tailored to prevent late bedtime may aid in maxi- 
mizing the effects of health education during adolescence. Fi- 
nally, the results provide a benchmark for monitoring trends 
in adolescent sleep in Japan and other East Asian countries in 
the future. 
. Introduction 
Adolescent sleep problems are becoming increasingly recog- 
ized as a significant public health issue, with many countries re- 
orting a high prevalence of sleep disturbance in adolescence [1] . 
revious studies reported that the prevalence of insomnia among 
dolescents worldwide ranged from 16 • 9% to 34 • 0% [2–4] . Most
pidemiological studies define insomnia symptoms as having one 
r more of the following: difficulty initiating sleep (DIS), diffi- 
ulty maintaining sleep (DMS), early morning awakening (EMA), 
r nonrestorative sleep (NRS) [ 2 , 3 , 5 ]. A meta-analysis of interna-
ional studies reported that, from 1999 to 2010, adolescent bed- 
imes tended to become increasingly delayed and sleep duration 
ended to decrease with increasing age, leading to shorter sleep on 
chool nights [1] . 
In Japan, a representative epidemiological study of sleep dis- 
urbances in adolescence was first conducted in 20 0 0 [6] and re- 
orted that 28 • 7% of boys and 32 • 6% of girls slept on average for
ess than six hours per night [6] . In 2004, the prevalence of in-2 omnia, which was defined as DIS, DMS, or EMA, among Japanese 
dolescents was 23 • 5% [7] . 
An important question concerning adolescents’ sleep is whether 
leep problems are increasing in line with other social changes. 
here are concerns that emergent technological developments, 
uch as the Internet and cellular phones, and the rise of the “24- 
our society,” have affected adolescents’ sleep in recent years [8] . 
ew studies, however, have investigated population trends in ado- 
escent sleep issues. In the U.S., a study with a representative sam- 
le of 272,077 adolescents aged 12 to 19 years showed a 30% lower 
revalence of sleep duration of more than seven hours in 2012 
ompared to 1991 [9] . A systematic cross-country review of data 
rom 690,747 children from 20 countries identified a decline of 
 • 75 min per year in children’s sleep duration over the last 100 
ears [10] . Another study demonstrated increases in the prevalence 
f sleep-onset difficulties in Norwegian adolescents from 1983 to 
005 [11] and among European adolescents from 2002 to 2014 
12] . American adolescents’ self-reported sleep time also decreased 
rom 2009 to 2015 [13] . These changes have been attributed to 
ncreases in electronic device use, including social media engage- 
ent and reading news online [13] , as well as limited physical ac- 
ivity [12] . Thus, it is recognized that sleep is deteriorating among 
dolescents in Western societies. Very few studies have examined 
he trends of sleep problems in Asian countries. For example, sleep 
uration increased for children from Shanghai aged 6 to 11 years 
2005 to 2014) but decreased for children from Hong Kong (2003 
o 2012) [14] . The opposite results in sleep duration between the 
wo regions have been attributed to changes in school start times 
14] . This is particularly problematic, given that East Asian people 
re known to sleep less and have later bedtimes than people from 
estern countries [ 1 , 15 ]. Thus, studies on the sleep trends of Asian
dolescents are urgently needed. Furthermore, previous studies of 
rends in adolescent sleep patterns have focused mainly on sleep 
isorders and sleep duration, and no studies have evaluated multi- 
le dimensions of sleep, such as insomnia symptoms, sleep quality, 
nd sleep duration. 
In 2014, the Japanese Ministry of Health, Labour and Welfare 
ublished the “Sleep Guidelines 2014 for Health Promotion.” The 
ocument is aimed at the general public and includes 12 basic 
leep guidelines designed for use in lifestyle coaching to promote 
ealth in the population. Since then, schools and corporations in 
apan have begun to provide sleep hygiene education [ 16 , 17 ]. 
According to media campaigns, many Japanese citizens are mo- 
ivated to get sufficient sleep [18] . However, there is little infor- 
ation about recent trends in sleep problems, such as insomnia 
ymptoms, short sleep duration, and poor sleep quality among 
apanese adolescents. 
This study aimed to investigate the trends in self-reported sleep 
roblems among Japanese adolescents using nationally representa- 
ive cross-sectional surveys of adolescents’ lifestyle behavior from 
004 to 2017. Given the findings of previous research, we hy- 
othesized that trends in the prevalence of sleep problems, such 
s insomnia, short sleep duration, and poor sleep quality, among 
apanese adolescents would have increased until 2014, when the 
ampaign was implemented, and then declined by 2017. 
. Method 
.1. Data sources 
We used data from the Lifestyle Survey of Adolescents collected 
n 20 04, 20 08, 2010, 2012, 2014, and 2017. Since 1996, the work- 
ng group of the Lifestyle Survey of Adolescents, conducted by the 
apanese Ministry of Health, Labour and Welfare, has surveyed a 
epresentative sample of Japanese adolescents using a single strat- 
fied single-stage standard cluster sampling procedure. The cluster 



















































































































nit was schools. The method involved dividing Japan into regional 
locks and randomly selecting schools from each block. 
.2. Participants 
The study population was restricted to students between grades 
 and 12 of junior and senior high schools selected throughout 
apan using the National School Directory. The proportion of pri- 
ate schools was approximately 7% for junior high schools and 30% 
or senior high schools in each survey. These proportions are highly 
imilar to the statistics reported by the Ministry of Education, Cul- 
ure, Sports, Science and Technology, Japan. All students enrolled in 
he sampled schools were included as the target population of the 
tudy. Due to survey budget limitations, the number of schools and 
tudents completing the survey varied in each survey year, result- 
ng in changes in sample size across the years. The distribution of 
he characteristics of schools (e.g., private vs. public) was selected 
o be representative of the study population [ 6 , 7 ]. 
.3. Survey procedure 
A letter was sent to the principal of each selected school re- 
uesting their cooperation along with a questionnaire form and an 
nvelope for each enrolled student. In participating schools, class 
eachers informed the students about the study in detail and re- 
ssured them about privacy protection and that the completed 
uestionnaires would not be seen by the teachers. Informed writ- 
en consent was obtained from all study participants. Due to the 
ew epidemiological research guidelines, informed consent was 
btained from each junior high school student’s parent or guardian 
or the 2017 survey. Parents’ and guardians’ informed consent was 
ot required by the guidelines governing anonymous and non- 
nvasive research entailing students who had finished junior high 
chool in the earlier years. The teachers explained the nature of 
onfidentiality and voluntary participation to all the students, and 
ompleted questionnaires were returned to the working group in 
ealed envelopes. This protocol is in accordance with the Japanese 
thical Guidelines for Epidemiological Research announced by the 
inistry of Health, Labour and Welfare and the Ministry of Educa- 
ion, Culture, Sports, Science and Technology of Japan. The working 
roup used anonymized questionnaires to prevent the identifica- 
ion of individual participants and to safeguard their privacy. This 
tudy was approved by the ethical review board of the Nihon Uni- 
ersity School of Medicine. 
.4. Outcome measures 
The sleep-related items in the survey included questions about 
nsomnia symptoms, sleep duration, and subjective sleep qual- 
ty. The following three questions were asked to assess insomnia 
ymptoms experienced during the previous month: (1) Did you 
ave difficulty falling asleep at night?; (2) Did you wake up dur- 
ng the night after you had gone to sleep?; and (3) Did you wake 
p too early in the morning and have difficulty getting back to 
leep? Each question had five possible responses: never, seldom, 
ometimes, often, and always. We defined those reporting “often”
nd “always” as displaying “severe” symptoms and those report- 
ng “sometimes” as displaying “moderate” symptoms. The severity 
f insomnia symptoms was defined based on responses to one or 
ore of the three questions. Sleep duration was assessed by ask- 
ng, “How many hours on average have you slept at night dur- 
ng the previous month?” with response options of less than five 
ours, five hours or more but less than six hours, six hours or 
ore but less than seven hours, seven hours or more but less than 
ight hours, eight hours or more but less than nine hours, and nine 
ours or more. Subjective sleep quality was assessed by asking, 3 How was the quality of your sleep during the previous month?”
ith the following response options: very good, good, bad, very 
ad. If the response to this question was bad or very bad, the ado- 
escent was rated as having poor sleep quality [19] . Concerning the 
uestion, “What time do you go to bed?” those who answered 1 
m or later were considered as having a “late bedtime (LBT)” [20] . 
.5. Covariates 
Participants also provided data on demographic and school 
haracteristics, including gender, grade, and type of school (junior 
igh or senior high school). They responded to lifestyle behavior 
uestions including the frequency of eating breakfast (“every day,”
sometimes,” or “seldom”); participation in club activities (“partic- 
pation,” or “no participation”); smoking status; and alcohol drink- 
ng status. Respondents were rated as having regular breakfast if 
hey responded “every day” to the relevant question. For the smok- 
ng question (“How many days did you smoke during the previous 
onth?”), participants were considered to be current smokers if 
hey answered that they smoked one or more days. Similarly, those 
ho responded “one day or more” to the alcohol question (“How 
any days did you consume alcoholic beverages during the previ- 
us month?”) were considered to be current drinkers. 
To evaluate student life plans, students were asked, “What is 
our plan for your future life course?” Those who selected “uni- 
ersity” or “postgraduate school” were grouped as students who 
ntended to go to university, and those who selected “high school,”
vocational school,” “junior college,” “taking a job after leaving the 
urrent school,” or “not decided yet” were grouped as students 
ho did not intend to go to university. The participants were also 
sked if they felt happy at school, with the choice of the following 
esponses: “Yes, I do,” “Yes and no,” and “No, I don’t.”
Mental health status was assessed using the 2-item Gen- 
ral Health Questionnaire (GHQ-2) instead of the 12-item version 
GHQ-12), given the limited space available in the survey question- 
aire. Previous research indicates a cut-off score of 1 on GHQ-2 
as a sensitivity and specificity of 87 • 0% and 85 • 1%, respectively, 
sing GHQ-12 as the gold standard [21] . The GHQ-2 included the 
ollowing questions: “Have you felt more unhappy and depressed 
han usual in the past 30 days?” and “Have you been able to en- 
oy your normal daily activities more than usual?” Each item was 
ated from 0 to 1, with a total score ranging from 0 to 2. A score of
 was regarded as indicative of good mental health, whereas scores 
f 1 or 2 were regarded as indicative of poor mental health. 
.6. Statistical analysis 
First, we compared the number of participants in each survey 
ear using chi-squared tests and examined the participants’ demo- 
raphic characteristics by survey year. Second, we calculated the 
revalence of insomnia symptoms, shorter sleep duration, late bed- 
imes, and poor sleep quality by survey year. Third, we examined 
ime trends of sleep problems using bivariate and multivariate bi- 
ary logistic models. To better describe sleep trends across the en- 
ire study period, the survey year was transformed by subtracting 
004 from the year and dividing the results by 13. Thus, the trans- 
ormed value ranged from 0 for 2004 to 1 for 2017. The odds ratios 
ssociated with this transformed variable of survey year represent 
hanges in odds of sleep problems during the study period. This 
ethod enabled us to interpret the corresponding regression coef- 
cients as changes in the odds of each sleep problem from 2004 
o 2017 [22] . The outcome for these analyses was the dichoto- 
ous variable for the presence of sleep problems, and the predic- 
or was each survey year. To evaluate insomnia and sleep dura- 
ion, we performed ordinal logistic regression. The final covariates 















































































































































































































































































































































































































































































































































































































































































n the ordinal and binary logistic regression analysis included de- 
ographic characteristics (gender, birth cohort, and school grade), 
ifestyle behaviors (having breakfast, participating in clubs, drink- 
ng alcohol, smoking status), student life (intention to study at 
niversity and having fun at school), and mental health status. 
hese covariates were selected because they have been associated 
ith sleep problems in previous studies [ 6 , 7 , 19 , 23 ]. The birth co-
ort was divided into three categories (1984–1989, 1990–1997, and 
998–2005) based on the revision of the Learning Guidance Guide- 
ines in 1989 and 1998. Sampling weights were constructed based 
n the participation rate of junior/senior high school students in 
ach survey year. The grade-adjusted estimates were calculated us- 
ng the direct method with projected students in the year 2004 
s the standard. We set the significance level at p < 0 • 01 because
f the large sample size. We adopted pairwise deletion to handle 
issing data. All analyses were performed using Stata 15 (Stata- 
orp, College Station, Texas). 
.7. Sensitivity analyses 
To assess reproducibility and validity in defining the prevalence 
f sleep problems across the years, we redefined each sleep prob- 
em. Insomnia was redefined as one or more symptoms of DIS, 
MS, or EMA experienced “often” and “always” [7] . Short sleep du- 
ation was defined as less than seven hours [9] . Subjective poor 
leep quality was redefined as a response of “very bad.” LBT was 
edefined as a bedtime of 12 am or later. To examine gender ef- 
ects, we analyzed trends in sleep problems according to gender. 
.8. Role of the funding source 
The funder of the study had no role in study design, data collec- 
ion, data analysis, data interpretation, or writing of the paper. The 
orresponding author had full access to all the data in the study 
nd all authors shared final responsibility for the decision to sub- 
it for publication. 
. Results 
The number of participants in each survey year was determined 
y budgetary constraints, and it varied from 102,451 in 2004 to 
4,417 in 2017 ( Table 1 ). The respective student response rates de- 
lined from 64 • 7% in 2004 to 54 • 5% in 2017. 
Regarding demographic characteristics over the survey years, 
pproximately twice as many participants were high school stu- 
ents (Grades 10–12) as junior high school students (Grades 7–
; Table 2 ). The prevalence of smoking and drinking consistently 
eclined over the survey years, whereas the prevalence of men- 
al health problems increased in 2014 and 2017. The prevalence of 
oor mental health was lowest in 2012. 
Table 3 and Fig. 1 present the trends in sleep problems from 
004 to 2017. Significant linear trends were observed for all sleep 
roblems except for LBT. The unadjusted prevalence of severe in- 
omnia decreased from 23 • 3% in 2004 to 18 • 3% in 2017. The un-
djusted prevalence of sleep duration below seven hours was the 
owest in 2004. The unadjusted and adjusted prevalence of LBT 
as least prevalent in 2008 and highest in 2010. The prevalence 
f poor sleep quality displayed a declining trend overall but was 
he highest in 2008. In the final model (adjusted for participants’ 
eight, gender, birth cohort, junior/senior high school, grade, men- 
al health status, breakfast consumption, club activity, having fun 
t school, drinking alcohol, smoking, and future plans), the ad- 
usted prevalence of severe and moderate insomnia decreased from 
2 • 0% and 40 • 1% in 2004 to 19 • 2% and 38 • 9% in 2017 (adjusted
dds ratio [AOR] 0 • 85, 95% confidence interval [CI] 0 • 82–0 • 87).

























































Demographic characteristics of the participants. 
2004 2008 2010 2012 2014 2017 p-value Total 
N % N % N % N % N % N % 
Grade 
7 13,146 12 • 8 13,266 14 • 0 13,041 13 • 3 13,405 13 • 4 10,528 12 • 4 7384 11 • 6 < 0.001 70,770 
8 13,079 12 • 8 13,606 14 • 4 12,816 13 • 0 12,884 12 • 9 10,481 12 • 3 7329 11 • 5 70,195 
9 13,160 12 • 9 12,871 13 • 6 12,476 12 • 7 12,205 12 • 2 10,465 12 • 3 7415 11 • 6 68,592 
10 21,815 21 • 3 20,118 21 • 2 21,444 21 • 8 21,480 21 • 5 19,048 22 • 4 14,201 22 • 2 118,106 
11 21,530 21 • 0 18,261 19 • 3 20,168 20 • 5 20,026 20 • 0 17,738 20 • 9 14,212 22 • 2 111,935 
12 19,721 19 • 3 16,655 17 • 6 18,466 18 • 8 20,050 20 • 0 16,728 19 • 7 13,404 21 • 0 105,024 
Number missing 0 0 456 0 0 384 840 
Gender 
Boy 55,998 54 • 7 48,077 50 • 7 48,794 49 • 4 51,587 51 • 6 41,225 48 • 5 34,582 53 • 9 < 0.001 280,263 
Girl 46,453 45 • 3 46,700 49 • 3 50,073 50 • 7 48,463 48 • 4 43,763 51 • 5 29,570 46 • 1 265,022 
Number missing 0 0 0 0 0 177 177 
Mental health 
Good 56,112 55 • 2 50,737 54 • 1 52,384 53 • 8 59,093 60 • 3 35,615 42 • 8 28,045 45 • 0 < 0.001 281,986 
Poor 45,528 44 • 8 43,038 45 • 9 44,968 46 • 2 38,860 39 • 7 47,649 57 • 2 34,232 55 • 0 254,275 
Number missing 811 1002 1515 2097 1724 2052 9201 
Eating breakfast 
Sometimes/seldom 17,561 18 • 2 14,091 15 • 4 14,281 14 • 6 12,618 12 • 9 11,255 13 • 7 9169 14 • 7 < 0.001 78,975 
Daily 78,733 81 • 8 77,461 84 • 6 83,273 85 • 4 85,330 87 • 1 70,688 86 • 3 53,262 85 • 3 448,747 
Number missing 6157 3225 1313 2102 3045 1898 17,740 
Participating in extracurricular 
activities 
No 33,017 33 • 0 27,812 30 • 5 28,529 29 • 4 27,710 28 • 4 25,470 31 • 0 17,123 27 • 5 < 0.001 159,661 
Yes 67,157 67 • 0 63,271 69 • 5 68,396 70 • 6 69,894 71 • 6 56,689 69 • 0 45,141 72 • 5 370,548 
Number missing 2277 3694 1942 2446 2829 2065 15,253 
Having fun at school 
Yes 58,752 58 • 4 58,058 63 • 5 62,523 64 • 2 65,208 66 • 7 54,395 66 • 2 41,697 67 • 0 < 0.001 340,633 
Neither 32,739 32 • 5 25,836 28 • 3 27,121 27 • 9 25,661 26 • 3 21,548 26 • 2 16,249 26 • 1 149,154 
No 9137 9 • 1 7568 8 • 3 7688 7 • 9 6891 7 • 1 6172 7 • 5 4311 6 • 9 41,767 
Number missing 1823 3315 1535 2290 2873 2072 13,908 
Present drinking alcohol 
No 71,684 70 • 3 78,312 83 • 1 84,038 85 • 6 87,569 87 • 9 76,605 91 • 8 60,282 94 • 4 < 0.001 458,490 
Yes 30,233 29 • 7 15,956 16 • 9 14,127 14 • 4 12,034 12 • 1 6812 8 • 2 3584 5 • 6 82,746 
Number missing 534 509 702 447 1571 463 4226 
Present smoking 
No 91,603 90 • 5 89,640 94 • 8 94,723 96 • 0 97,075 97 • 2 82,568 98 • 1 63,299 98 • 8 < 0.001 518,908 
Yes 9614 9 • 5 4903 5 • 2 3934 4 • 0 2851 2 • 9 1570 1 • 9 769 1 • 2 23,641 
Number missing 1234 234 210 124 850 261 2913 
Intention to study at university 
No 62,996 62 • 7 53,441 58 • 5 57,990 59 • 6 58,919 60 • 2 48,708 59 • 1 34,854 55 • 9 < 0.001 316,908 
Yes 37,467 37 • 3 37,936 41 • 5 39,291 40 • 4 38,893 39 • 8 33,655 40 • 9 27,515 44 • 1 214,757 
Number missing 1988 3400 1586 2238 2625 1960 13,797 
p-values were calculated for chi-square-test (survey year) × (each variables). 
Participants for whom data were missing were excluded from the analyses. 
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Table 3 
Trends of sleep problems from 2004 to 2017 in Japanese adolescents. 
Insomnia ( n = 328,379) Sleep duration ( n = 533,580) LBT ( n = 118,933) Poor sleep quality ( n = 206,446) 
OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value 
Trend (2004–2017) 
Adjusted 0.85 0.82 0.87 < 0.001 1.13 1.10 1.17 < 0.001 1.17 1.12 1.23 < 0.001 0.92 0.88 0.95 < 0.001 
Crude 0.74 0.73 0.75 < 0.001 0.93 0.92 0.95 < 0.001 0.88 0.86 0.91 < 0.001 0.86 0.85 0.88 < 0.001 
Abbreviations: OR = odds ratio, CI = confidence interval. 
Participants for whom data were missing were excluded from the analyses. 
Insomnia in those who answered that they experienced one or more symptoms of DIS, DMS, or EMA “often” or “always” was classified as “severe” and in those who 
answered “sometimes” was classified as “moderate.”. 
Sleep duration were classified as less than five hours, five hours or more but less than six hours, six hours or more but less than seven hours, seven hours or more but 
less than eight hours, eight hours or more but less than nine hours, and nine hours or more. 
LBT: late bedtime (after 1:00 a.m.). 
Poor sleep quality: those who answered that their sleep quality was bad or very bad. 
Odds ratios were derived from ordinal and binary logistic regression models and adjusted for participants’ weight, birth cohort, gender, junior/senior high school, grade, 
mental health status, breakfast consumption, club activity, having fun at school, drinking alcohol status, smoking status, and intention to study at university. 
Fig. 1. Trends of the prevalence of each sleep problem by survey year. 
Table 4 
Sensitivity analyses for trend of sleep problems among Japanese adolescents from 2004 to 2017. 
Insomnia ( n = 114,421) Sleep duration < 7 h ( n = 404,392) 
AOR 95% CI p-value AOR 95% CI p-value 
Trend (2004–2017) 
0.87 0.83 0.91 < 0.001 1.37 1.31 1.43 < 0.001 
LBT ( n = 242,815) Poor sleep quality ( n = 28,379) 
AOR 95% CI p-value AOR 95% CI p-value 
1.15 1.11 1.20 < 0.001 0.84 0.77 0.91 < 0.001 
Abbreviations: AOR = adjusted odds ratio, CI = confidence interval. 
Participants for whom data were missing were excluded from the analyses. 
This logistic model was adjusted for participants’ weight, birth cohort, gender, junior/senior high school, grade, mental health sta- 
tus, breakfast consumption, club activity, having fun at school, drinking alcohol status, smoking status, and intention to study at 
university. 
Insomnia: Those who experienced one or more of DIS, DMS, or EMA “often” or “always” were considered to have insomnia. 
SSD: short sleep duration ( < 7 h). 
LBT: late bedtime (after 12:00 a.m.). 



















rom 37 • 9% in 2004 to 36 • 2% in 2017 (AOR 0 • 92, 95% CI 0 • 88–0 • 95).
onversely, the adjusted odds ratio of shorter sleep duration sig- 
ificantly increased (AOR 1 • 13, 95% CI 1 • 10–1 • 17) and the adjusted
revalence of LBT increased from 21 • 0% in 2004 to 21 • 9% in 2017
AOR 1 • 17, 95% CI 1 • 12–1 • 23). 
.1. Sensitivity analyses 
The odds ratios of all sleep problems were in the same direction 
s the original results ( Table 4 ). The statistical tests for all analyses
emained highly significant ( p < 0 • 001), suggesting that the results 
re robust to these alternative definitions of sleep problems. The 6 djusted prevalence of sleep duration below seven hours increased 
rom 71 • 9% in 2004 to 78 • 1% in 2017 (AOR 1 • 37, 95% CI 1 • 31–1 • 43)
 Table 4 and Fig. 1 ). There were no gender differences in the trends
f sleep problems (Supplemental Table 1). 
. Discussion 
This study is the first nationwide, representative study to ex- 
mine trends of sleep problems among Japanese adolescents and 
ndicates decreased trends of insomnia symptoms and poor sleep 
uality in this population from 2004 to 2017. However, there were 
ncreasing trends toward shorter sleep duration and late bedtimes. 






























































































































hus, both welcome and unwelcome developments were observed 
n adolescent sleep patterns, with important implications for pub- 
ic health. 
Surprisingly, the decreasing trend of insomnia observed among 
apanese adolescents contrasts with trends in other countries. A 
arge international study including 33 European countries/regions 
eported that the average prevalence of sleep-onset difficulties in 
dolescents aged 11, 13, and 15 years increased from 17 • 5% in 2002
o 20 0 • 8% in 2014 [12] . Twenty-eight out of the 33 countries
howed an increasing trend in the prevalence of difficulty falling 
sleep during the 12-year period, except for Greece ( − 4 • 3%), Spain 
 − 4 • 1%), Norway ( − 2 • 0%), England ( − 1 • 7%), and Portugal ( − 1 • 3%)
12] . Difficulty in sleep-onset and DIS represent the same symp- 
om, which is the highest among all the insomnia symptoms [7] . 
n Finland, the prevalence of insomnia symptoms (DIS and DMS) 
ncreased approximately two-fold from the mid-1990s to the end 
f the 20 0 0s, while the increasing trend for insomnia abated after 
008 [24] . Thus, in many countries, the prevalence of insomnia- 
elated symptoms has tended to increase while, in a few countries, 
 downward trend has been observed. 
The trend of shorter sleep duration worsened between 2004 
nd 2017. Several studies have reported on trends of sleep dura- 
ion in adolescence. In the U.S., compared to 1995, the probability 
f regularly getting more than seven hours of sleep significantly 
ecreased from 1996 to 2012 [9] . Additionally, U.S. adolescents in 
015 were 16–17% more likely to report insufficient sleep com- 
ared to 2009 [13] . Matricciani et al. noted that 34 of the 51 re-
orts on long-term trends in sleep time among school-aged chil- 
ren cited evidence of declines in sleep duration [25] . Shortened 
leep duration in adolescence occurs as a result of progressive de- 
ays in bedtimes, not as a result of a change in wake-up time [26] .
otably, later night electronic media use is associated with delayed 
edtimes and shortened sleep duration [ 13 , 26 ]. These results of in-
reasing trends of shorter sleep duration and delayed bedtimes are 
onsistent with those of the present study. 
The National Sleep Foundation recommends that adolescents 
hould sleep nine hours per night [27] , but our results demon- 
trated that almost all Japanese adolescents get significantly less 
han nine hours of sleep [6] . The consistent declines observed in 
dolescents’ sleep are concerning given that shorter sleep dura- 
ions have been associated with negative health outcomes such as 
ardiovascular disease, diabetes mellitus, and depression [28] . One 
f the key questions for future research is whether sleep depriva- 
ion experienced during adolescence has an adverse effect on adult 
ealth, independent of sleep duration in adulthood. 
Our results revealed that the prevalence of insomnia and poor 
leep quality among Japanese adolescents decreased between 2004 
nd 2017. There are at least two possible explanations for these 
esults. The first explanation is related to sleep education policy 
n school. The Ministry of Health, Labour and Welfare of Japan in- 
roduced the “Sleep Guidelines for Health Promotion” in 2003 and 
issemination of information on sleep has been promoted in coop- 
ration with the local governments and mass media. In 2014, the 
leep guidelines were changed to 12 messages on how to improve 
leep for health and how adequate sleep can reduce the risk of 
on-communicable diseases as well as accidents. The 12 messages 
ere included in the Japanese school text. These policies may have 
aised the general population’s awareness of sleep by promoting 
leep hygiene education activities and campaigns through the mass 
edia [17] . Our data showed lower smoking and drinking alcohol 
revalence and higher breakfast intake rates during this period, 
hich suggests that adolescents tend to exhibit healthy lifestyle 
ehaviors. Lifestyle education was also taught in japan schools. In 
act, smoking education in Japanese schools contributed to the re- 
uction of smoking rates [29] . For cultural reasons, the magnitude 
f the effectiveness of lifestyle education in schools may be greater 7 n Japan than in Western countries. Thus, these activities can, di- 
ectly and indirectly, produce positive changes or prevent negative 
hanges in sleep problems. In reference to these life style behav- 
ors and the prevalence insomnia parallel, consider clearly stating 
hat this relationship is correlational and not causal. Future studies 
ill require a longitudinal approach to examine the relationship 
etween lifestyles and sleep problems. 
The second potential explanation is a change in the value 
laced on sleep among the Japanese with the greater public recog- 
izing that sleep deprivation is associated with reduced academic 
erformance and both physical and mental illness. These changes 
n understanding the effect of poor sleep may have led to im- 
roved sleep hygiene. 
Interestingly, the present survey showed a discrepancy between 
nsomnia improvement and the worsening of mental health prob- 
ems between 2004 and 2017. There are at least two possible ex- 
lanations for the discrepancy. First, insomnia and short sleep du- 
ation are known to be related to mental health problems [ 7 , 30 ].
ur data suggested that short sleep duration may have a greater 
ssociation with mental health than insomnia. Our hypothesis was 
upported that short sleep duration was significantly associated 
ith most mental health problems in adolescents without insom- 
ia but not in those with insomnia [31] . Second, this study used 
HQ-2 to evaluate mental health. However, this scale is too short 
nd may not represent the actual prevalence of poor mental health. 
uture research should use more appropriate scales such as GHQ- 
2 or Depression Self-Rating Scale for Children [32] . 
Some limitations of this study bear mention. First, the data 
re subject to a variety of biases. For example, a non-response 
ias existed, as over 40% of adolescents did not participate in the 
017 survey. This could be due to some schools refusing to par- 
icipate in the survey at the discretion of the school principals. 
owever, the survey accounts for nonresponse by weighting par- 
icipants relative to their likelihood of responding. These weights 
ncrease the likelihood that the data obtained are adequately rep- 
esentative of the target population. Second, although we adjusted 
or several potential confounding variables, no data on factors re- 
ated to participants’ socioeconomic status (SES) such as family 
ncome or parental educational levels, school start time, pubertal 
evelopment, or media screen-time were available. Previous re- 
earch indicates an association between sleep problems and these 
actors [ 13 , 14 , 27 , 33–35 ]. Thus, future research should include SES,
chool start time, pubertal development, and media screen-time 
actors. Third, due to limited space on the questionnaire, our in- 
omnia assessment did not include the entire clinical diagnostic 
riteria listed in the International Classification of Sleep Disorders 
36] . Therefore, insomnia as measured in this study may not re- 
ect clinical insomnia. Future studies should use validated ques- 
ionnaires such as the Insomnia Severity Index (ISI) and Pittsburgh 
leep Quality Index (PSQI) [ 37 , 38 ]. Fourth, the surveys did not dis-
inguish between sleep duration on weekends and weekdays. Ob- 
ective data indicate that a misalignment in bedtimes and wake-up 
imes on both weekdays and weekends have been observed among 
ast Asian adolescents [15] . Previous research indicated that ir- 
egular sleep-wake patterns characterized by variations between 
chool day and non-school day sleep-wake timing may be a factor 
ontributing to sleep problems [39] . Some researchers have rec- 
mmended a school start time later than 8:30 am in junior and 
enior high schools to ensure adolescent health and improve aca- 
emic performance [40] . Future studies should examine not only 
he total sleep duration but also the regularity of adolescent sleep- 
nset and wake-up time on weekends and weekdays and school 
tart time. Fifth, this study was based on self-reports, which are 
rone to bias. Objective measurements such as an actigraph could 
e employed to evaluate sleep duration. Although desirable, such 
easurements are not normally included in epidemiological stud- 








































































[  es because of the number of participants involved. However, sev- 
ral studies have indicated that self-reported sleep data have mod- 
rate agreement with laboratory studies [41] . 
In conclusion, findings from this study of large-scale repeated 
ross-sectional surveys of adolescents in Japan over 13 years sug- 
est that insomnia and poor sleep quality are declining; however, 
any adolescents continue to have late bedtimes and a lack of 
ufficient sleep duration. Despite the improvement of insomnia 
nd sleep quality, the survey’s results suggested that adolescents 
hould show greater interest in their sleep duration; inadequate 
leep may cause, and aggravate, physical and mental health prob- 
ems. These results could be useful in developing more effective 
revention strategies in the future. Interventions tailored to pre- 
ent late bedtimes may aid in maximizing the effects of health ed- 
cation in adolescence. Finally, the results provide a benchmark for 
uture monitoring of trends in adolescent sleep in Japan and other 
ast Asian countries. 
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